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Abstract

Anthrax is a zoonosis caused by the spore-forming bacterium Bacillus anthracis, with potential for high fatality
rate, especially in herbivores. Upon host death, spores can enter the soil surrounding the carcass and be ingested
by other animals feeding in the same location. Accordingly, surveillance to quickly identify and decontaminate
anthrax carcasses is crucial to outbreak prevention. In endemic anthrax areas such as Texas and Africa, vultures
are used as a surveillance tool for identifying presence and location of dead animals. However, many anthrax
outbreaks in the United States have occurred in areas outside the ranges of both black and turkey vultures. Here,
we used a longitudinal camera trap survey at carcass sites in southwestern Montana to investigate the utility of
facultative avian scavengers on disease and carcass surveillance in a reemerging anthrax risk zone. From
August 2016 to September 2018, camera traps at 11 carcass sites were triggered 1996 times by avian scav-
engers. While the majority were facultative avian scavengers such as corvids and eagles, our results suggest that
facultative scavengers cannot replace vultures as a surveillance tool in this ecosystem due to their absence
during the anthrax risk period ( June to August), reduced search efficiency, or low flight patterns. We found that
the conditions in Montana likely parallel systems elsewhere in the continental United States. Using ecological
niche models of B. anthracis distribution overlaid with relative abundance maps of turkey vultures, we found
that much of North Dakota, South Dakota, Minnesota, Wyoming, Nebraska, and Iowa have areas of anthrax
risk, but low or absent turkey vulture populations. Without vultures in these areas, surveillance capacity is re-
duced, and it becomes more difficult to identify anthrax cases, meaning fewer carcasses are decontaminated,
and consequently, outbreaks could become more frequent or severe.
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Introduction

Anthrax is a neglected zoonosis caused by the bacterium
Bacillus anthracis, meaning that overall burden and

economic impacts are poorly described. Epizootics occur
annually somewhere in the world, resulting in the deaths of

hundreds to thousands of animals (Turnbull 2002, Food and
Agriculture Organization of the United Nations et al. 2005,
Shadomy et al. 2016). Most mammals are susceptible, but
anthrax is primarily a disease of wild and domestic her-
bivores, which typically become infected when they in-
gest B. anthracis spores from contaminated soil, water, or
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vegetation or are bitten by flies carrying bacteria (Turell and
Knudson 1987, Gates et al. 1995, Ganeva 2004). Inhalation is
another possible route, but with limited evidence (Dragon
et al. 1999, Barandongo et al. 2017).

When an animal succumbs to anthrax infection, B. anth-
racis sporulates and can enter the soil surrounding the dead
host. Depending on environmental conditions, the bacteria
can persist for decades in spore form (Dragon and Rennie
1995) until infection of another suitable host occurs. During
an outbreak, the carcasses of animals dying from anthrax
contaminate areas with spores in the soil and vegetation,
creating locally infectious zones (LIZs) (Getz 2011). While
outbreaks are the subject of ongoing management and control
efforts globally, this complex disease cycle produces many
management obstacles, including adequate surveillance.

Surveillance is crucial to identifying an outbreak at an
early stage and preventing it from scaling up to a major
epizootic (Hugh-Jones and de Vos 2002). To detect outbreaks
early, land managers typically identify animals with clinical
signs indicative of anthrax or find carcasses of suspected
anthrax deaths, which are often bloated and without rigor
mortis. Quickly locating and decontaminating anthrax car-
casses can reduce the number of spores that contaminate the
surrounding soil and limit the spread of bacteria associated
with scavengers and biting flies (Sharp and Roberts 2006,
Mongoh et al. 2008, Blackburn et al. 2010) and thus limit the
risk of onward infections. Early identification of an outbreak
allows land managers and stakeholders to implement other
preventative measures, such as vaccination of healthy ani-
mals, limiting herd movement, quarantining animals dis-
playing clinical signs, or treating domestic livestock in the
early stages of the disease with antibiotics (Shadomy and
Smith 2008).

While surveillance is critical for preventing epizootics, it
requires substantial financial and workforce investments
(Nishi et al. 2002). Therefore, the majority of surveillance
occurs via opportunistic surveys—that is, carcasses are de-
tected while observers are performing other tasks, such as
managing livestock, distributing feed, or in routine trans-
portation from one location to another (Bellan et al. 2013a).
As one might expect, opportunistic surveys only detect a
limited number of carcasses, with the majority of those being
near roads, feeders, or other central locations (Bellan 2012).
Detection of carcasses can also be accomplished indirectly
via the detection of active scavenging (Bellan et al. 2013a).

Vultures are the scavenger species most relied upon for
help in carcass detection (Hugh-Jones and de Vos 2002).
Their soaring flight pattern can take them thousands of meters
into the air, making them easily seen and followed from the
ground (Pennycuick 1973, Dhawan 1991, Khosravifard et al.
2018). Further, as obligate scavengers, vultures are adapted
to locate carrion quickly—oftentimes within 4 h of death
(Prior and Weatherhead 1991, Platt et al. 2016, Harel et al.
2017). Accordingly, vultures are an invaluable surveillance
tool for indirectly identifying dead animals and are used in
this way in many contexts, including exposing locations of
poachers to park rangers in Africa (Burton 2016).

Relative to anthrax, vulture aggregations can direct ob-
servers to carcasses. For example, during an anthrax outbreak
in East Africa in 2017, radio-tagged white-backed vultures
allowed researchers to establish both the location and timing
of hippopotamus deaths (Kendall 2017). Vultures without

radio tags can also be spotted and followed as a method of
identifying anthrax cases as done during outbreaks in West
Texas (Blackburn and Goodin 2013, Blackburn et al. 2014a).
As Turnbull et al. (2008) state, ‘‘For game managers and farm-
ers, circling vultures have always been, and continue to be,
the best signal that deaths have occurred in the field’’ (p. 101).

While vultures serve as a surveillance tool in many en-
demic anthrax areas, for some locations this is impossible,
due to regional differences in avian species assemblages. For
example, historical anthrax outbreaks have occurred in North
Dakota (Centers for Disease Control and Prevention [CDC]
2001), South Dakota (Hugh-Jones 1999), Minnesota (Ka-
nankege et al. 2019), and Montana (Blackburn et al. 2014b),
but all four states are completely outside the range of black
vultures (Coragyps atratus) and have limited areas where
turkey vultures (Cathartes aura) are present (Fig. 1). Instead,
scavenger guilds comprise species of facultative avian and
mammalian scavengers in these areas.

No previous research has been conducted to investigate the
effects of a limited or absent vulture population on disease and
carcass surveillance or if alternative avian species—in partic-
ular, facultative avian scavengers—could substitute for vul-
tures in carcass surveillance. Thus, the goals of this study were
(1) to investigate the behavior and search efficiency of facul-
tative avian scavengers in an endemic anthrax zone and (2) to
examine the potential implications of a low vulture population
on opportunistic anthrax surveillance across the continental
U.S. Toward these goals, we used (1) data from a longitudinal
camera trap study of animals interacting with carcasses and
carcass sites in southwestern Montana, an area that has expe-
rienced anthrax outbreaks as recently as 2010 (Blackburn et al.
2014b) and (2) ecological niche model (ENM)-based estima-
tes of the B. anthracis range overlaid with relative abundance
maps of turkey vultures for the continental U.S.

Materials and Methods

Camera trap study of avian scavengers
in southwest Montana

The field study was conducted on a privately owned ranch
(*300 km2) in southwestern Montana (Fig. 1 inset). Vege-
tation varies from mixed shrub and grassland to coniferous
forest, and the ranch manages domestic plains bison (Bison
bison bison) as livestock. The bison herd is monitored daily
throughout the year by ranch staff using all-terrain vehicles
(ATVs). Low fencing limits bison movements but does not
restrict other species inhabiting the ranch, including elk
(Cervus canadensis), white-tailed deer (Odocoileus virginia-
nus), and mule deer (Odocoileus hemionus). A diverse carni-
vore and scavenger guild capitalizes on the presence of these
herbivores and includes black bears (Ursus americanus),
brown bears (Ursus arctos), gray wolves (Canis lupus), coy-
otes (Canis latrans), turkey vultures, American crows (Corvus
brachyrhynchos) bald eagles (Haliaeetus leucocephalus),
golden eagles (Aquila chrysaetos), common ravens (Corvus
corax), and black-billed magpies (Pica hudsonia).

A major anthrax epizootic affected this study site in 2008,
when at least 300 plains bison and 43 male elk succumbed to
the disease (Blackburn et al. 2014b). Since 2008, routine
surveillance has been conducted, and two wolf-killed bison
tested positive for active B. anthracis infection in 2010
(Blackburn et al. 2014b). Seroprevalence studies found that

676 WALKER ET AL.



*30% of male elk and 27% of unvaccinated bison tested
were sero-positive for anthrax exposure (based on protective
antigen; PAG) (Bagamian et al. 2013), suggesting that low-
level exposure and survival of sublethal infections are rela-
tively common in this area (Bagamian et al. 2013, Blackburn
et al. 2014b).

For this study, we used camera trap data from 11 carcass
sites. Monitoring began at 5 carcasses in the summer and fall
of 2016, 1 in the fall of 2017, and 5 in the spring of 2018.
Monitoring continued until September of 2018. Camera trap
data presented here were ‘‘by-catch’’ from our larger pro-
ject’s primary objective to study ungulate interaction with
carcasses and the area immediately nearby. These carcasses
served as proxies for LIZs and were determined not to be
contaminated with B. anthracis due to the animals dying
outside of the anthrax risk period ( June to August) and a
lack of clinical signs such as incomplete rigor mortis, body
position, or absence of blood clotting (Bengis and Frean
2014). Study staff were present for anthrax outbreaks in
2008 and 2010 and aware of signs. Any animals found dead
suspected of anthrax are tested through by the State Diag-
nostic Laboratory, Montana Department of Livestock
Health (Blackburn et al. 2014b).

We opportunistically set up motion-triggered camera traps
at a combination of bison (9) and elk (2) carcasses within 24 h
of animal death. Cameras were placed *10 meters away
from the carcass at a height of 1–1.5 meters, and they were
programmed to take photos without delay, at a rate of one
picture every second once motion triggered. Cameras were

visited weekly or biweekly to check battery levels and down-
load photos from external data cards.

Images were organized and analyzed using the image
management software digiKam (Kulzer et al. 2010). Each
picture was manually assigned metadata tags classifying
the number of animals and species present. All metadata
were subsequently extracted from camera trap images using
ExifTool, a command-line application for reading and edit-
ing metainformation (Harvey 2013); metadata were then
imported into R using the camtrapR package (Niedballa
et al. 2016). Here, all data pertaining to avian presence were
analyzed.

Evaluating turkey vulture and anthrax
distribution in the United States

To evaluate the distribution of turkey vultures and poten-
tial anthrax risk areas across the continental U.S., we overlaid
mean turkey vulture counts from the Breeding Bird Survey
(BBS; Fig. 1) over a recently published ENM-based estimate
of anthrax suitability from Yang et al. (2020). In brief, that
study used the genetic algorithm for rule-set prediction
(GARP) to estimate the distribution of the A1.a lineage of
B. anthracis, the dominant lineage isolated from anthrax
outbreaks in Montana and the Dakotas, using the MERRA-
clim bioclimatic variables, soils data, and vegetation indices.
GARP-based predictions use a subset of high-performing
predictions made from a random walk through variable
space, with each output a binary map of presence or absence

FIG. 1. A map showing turkey vulture relative abundance in the continental United States, based on the mean number of
birds seen on North American Breeding Bird Survey routes from 2011 to 2015. The magnified inset shows the boundaries of
our study site within southwestern Montana and the carcass camera trap locations.
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across the landscape (here the continental U.S.). In that study,
the GARP best subset procedure was used to select 10 best
predicting models following Anderson et al. (2003) and
summated [and evaluated with accuracy metrics; see Yang
et al. (2020)]. To define areas of potential anthrax persistence,
we selected a suitability cutoff of 6 or more models in the best
subset agreeing, following the ‘moderate’ definition from
Morris et al. (2016), which modeled anthrax risk for the
Montana study site.

Turkey vulture counts were downloaded from BBS as a
shapefile of relative abundance data from 2011 to 2015
from the USGS North American BBS (https://www.mbr-
pwrc.usgs.gov/bbs/; accessed June 3, 2020) and rasterized
to *4.5 · 4.5 km in Q-GIS version 3.8.2 and snapped to the
ENM-based B. anthracis prediction. Data from the BBS
are smoothed to create continuous surfaces, especially in
remote areas. Consequently, the maps often do not define
sharp edges of bird distributions and regions covered by
the lowest abundance category may not routinely contain
the species.

To consider different scenarios of bird abundance, vulture
counts were classified 3 times: 10 or more individuals per
cell, 5 or more individuals per cell, or any counts greater than
0 per cell. Each of the 3 vulture count surfaces were recoded
as 0 (absent) or 2 (the count selected) and added to the GARP
output of anthrax suitability, which was a binary raster of 0
(no anthrax) or 1 (anthrax potential), using the raster calcu-
lator in Q-GIS. Areas of overlap were identified when anthrax
and vultures were present (score of 3) and color coded and
contrasted with pixels of vultures/no anthrax (score of 2),
anthrax potential/no vultures (score of 1), or no anthrax/no
vultures (score of 0). Turkey vultures were the focus here as

black vultures are mostly limited to the southeastern U.S.
(Avery 2004) and have less overlap with areas of historical
anthrax outbreaks.

Results

Camera trap study of avian scavengers
in southwest Montana

From August 2016 to September 2018, camera traps were
triggered 725,000 times. Of these, 120,000 photos contained
wildlife. A total of 1996 photos (1.66%) included scaveng-
ing avian species, which were golden eagles, bald eagles, tur-
key vultures, black-billed magpies, common ravens, and
American crows (Fig. 2). We grouped common ravens and
American crows during data analysis due to difficulty in dis-
tinguishing the species from photos and refer to them as Corvus
spp. Most camera trap triggers by avian species occurred soon
after animal death: of the 1996 total avian photos, 1235 (61.9%)
of them were taken in the first 5 days and 1703 (85.3%) in the
first 15 days after animal death. When examined by species,
Corvus spp. and black-billed magpies were present at carcasses
in the largest numbers, respectively, in the initial days fol-
lowing animal death. This was not the case for turkey vultures,
which were present in low numbers overall and did not appear
at carcasses until at least 4 days after animal death (Fig. 3).

In this ecosystem, the ‘‘anthrax risk period’’ is currently
defined as June to August—the months when anthrax was
previously reported (Blackburn et al. 2014b, Morris et al.
2016). To determine which avian species were present at
carcasses during these months, we examined the results from
four of the carcasses initially discovered during the anthrax
risk period—three carcasses that were discovered August 12,

FIG. 2. Images of avian species captured during a camera trap study in southwestern Montana: golden eagle (A), turkey
vulture (B), bald eagle (C), black-billed magpie (D), and Corvus spp. (E).
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2016 and one carcass from September 1, 2016. Only four
avian species were present at these sites in the first 15 days
after animal death: bald eagles, turkey vultures, and Corvus
spp. (Fig. 4). Corvus spp. were present in the largest numbers
during the anthrax risk period but did not arrive until 3 to 4
days following animal death. From a seasonal perspective,
the only avian scavenger species present at the study site
year-round were Corvus spp. and magpies (Fig. 5). Eagles
were mostly present in late summer and early fall. Turkey
vultures were present from April to August only, corre-
sponding to their breeding season.

Evaluating turkey vulture and anthrax distribution
in the United States

Figure 6 illustrates the potential anthrax risk (red areas),
turkey vultures (green areas), and areas of overlap (yellow
areas) across the continental U.S. for each vulture abundance
cutoff: relative abundance of 10 or more vultures per count
area (Fig. 6B), 5 or more per count area (Fig. 6C), or relative
abundance above 0 (Fig. 6D). Based on our conservative
(Fig. 6B) and moderate (Fig. 6C) cutoffs of turkey vulture
abundance, in many northern Midwest states, including
Montana, the Dakotas, and Minnesota (all states with recent
and/or frequently reported anthrax), turkey vultures are
nearly absent. Turkey vultures are in higher abundances in
the southern extent of anthrax risk, in and around the enzootic
zone of Texas as defined by Blackburn et al. (2014a)—an
area with annual anthrax reports. Further, there was no
overlap with turkey vultures and the potential anthrax zone in

Montana based on the conservative and moderate relative
abundance estimates.

Discussion

Using camera trap data collected at animal carcasses re-
presenting anthrax LIZs, we found that facultative avian
scavengers do not serve as an adequate replacement for ob-
ligate avian scavengers as an anthrax surveillance tool in
southwestern Montana. We argue that there are three main
criteria for facultative avian scavengers to be used in disease
surveillance: (1) facultative avian scavengers would need to
be present at carcass sites during the anthrax risk period ( June
to August); (2) the search efficiency of facultative scavengers
would need to be comparable to vultures to ensure carcasses
are discovered quickly; and (3) the flight patterns and/or den-
sity of facultative scavengers would need to be high enough or
in large enough numbers to be noticeable by land and game
managers. Based on our results, these conditions were not met
by any of the facultative avian scavengers in this system.

There were four facultative species present at carcass sites
during the anthrax risk period: Black-billed magpies, bald
eagles, and Corvus spp. (Fig. 5). However, magpies do not
meet the condition for search efficiency, as they did not arrive
at carcasses until at least 15 days after animal death. While
bald eagles located carcasses quickly (arrival on the second
day after animal death), during the anthrax risk period, a total
of only four individuals were ever caught by camera traps.
Arguably this low number suggests that bald eagles would
easily be missed during opportunistic surveys and would not
serve as a useful surveillance tool. Corvus spp. on the contrary,

FIG. 3. The number of (A) golden eagles, (B) bald eagles, (C) turkey vultures, (D) magpies, and (E) Corvus spp. captured
by camera traps at carcass sites from 1 to 5 days after animal death. All avian scavengers were present in the initial days
after death (days 1–3) apart from turkey vultures, which is unusual and is a finding unique to this ecosystem.
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FIG. 4. The counts of four avian species (A) bald eagles, (B) turkey vultures, and (C) Corvus spp. captured by camera
traps at carcass sites from 1 to 15 days after animal death, when the animal died during the anthrax risk period ( June to
August). Corvus spp. (ravens and crows) are present in the largest numbers. Turkey vultures are absent in the initial days
after death and are present only in low numbers from 4 days after death to 7 days after death. Magpies and golden eagles
were absent; surprisingly, magpies are present at carcass sites during the anthrax risk period but were only seen 15 or more
days after animal death.

FIG. 5. Monthly totals of the number of (A) golden eagles, (B) bald eagles, (C) turkey vultures, (D) magpies, and
(E) Corvus spp. present at carcass sites. Magpies and Corvus spp. are present throughout the year, and Corvus spp. have
higher numbers in late summer and early fall (August to October). Turkey vultures are only present from April to August, a
reflection that this location is likely part of their summer breeding grounds.
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are present at carcasses during the anthrax risk period in large
numbers, but their function in surveillance is discounted by
their reduced search efficiency (they did not arrive at car-
casses until 3 days after animal death) and low flight pat-
terns—since they do not soar, crows and ravens are less likely
than vultures to be seen from afar and even more unlikely to
be followed by land managers to find carcasses.

The fact that facultative avian scavengers are inadequate as
a surveillance tool is a problem compounded by a low pop-
ulation of obligate scavengers in this ecosystem. While the
breeding range of turkey vultures extends into southwestern
Montana, this is the edge of its northward range, so in some
areas, like Gallatin county (where part of our study site is
located), the BBS has not recorded sightings of turkey vul-
tures since 2000. This was corroborated by the low number of
individuals caught by our camera traps and parallels results
from Wilmers et al. (2003) which found magpies, ravens, and
eagles feeding at elk carcasses in Yellowstone National Park
(*70 km from our study site), but no vultures. Due to this
scarcity, turkey vultures are likely an unreliable method of
surveillance during anthrax outbreaks in southwestern
Montana. Overall, the assemblage of avian species present in
the montane ecosystem makes this means of surveillance
difficult and ineffective.

Apart from hindering surveillance, an absence of vultures
at carcasses has been associated with longer decomposition
times, more individual mammals at carcasses, and mammals
spending more time at carcasses (Ogada et al. 2012), all of
which could lead to increased anthrax transmission. Prior work
in this system has found that grazing ungulates are attracted to
LIZs (Turner et al. 2014, Walker et al. 2020), where they may
ingest B. anthracis spores and subsequently become infected
with anthrax, which is why land managers finding and de-
contaminating anthrax carcasses during an outbreak is crucial
to prevention or reduction of future transmission.

However, the role of vultures in disease transmission is
complex, as their potential to disseminate anthrax spores has
long been debated (Bullock 1956). Anthrax spores have
been found in the feces of scavenging raptors (Saggese et al.
2007) and multiple vulture species (Lindeque and Turnbull
1994). Spores have also been isolated from the feathers, feet,
and bills of vultures in Kruger (Pienaar 1967) and Etosha
National Parks (Ebedes 1977) (Africa), and West Texas
(feathers; Blackburn, unpublished data).

Despite this, other studies have reported no anthrax spores
present in bill and mouth swabs of vultures in southern Africa
(Mundy and Brand 1978), and did not find higher concen-
trations of anthrax spores at vulture nests, possibly due to the
acidity of vulture feces (Ganz et al. 2012). A study on the
exclusion of scavengers from carcass sites revealed that
scavengers had no effect on B. anthracis soil spore density,

FIG. 6. Predicted overlap of turkey vulture (Cathartes
aura) and Bacillus anthracis distribution in the continental
United States based on three turkey vulture relative abun-
dance cutoffs. (A) Prediction of B. anthracis suitability
without vulture overlay; (B) prediction based on turkey
vulture relative abundance of 10 individuals or higher;
(C) prediction based on relative abundance of 5 individuals
or higher; and (D) prediction based on relative abundance
above 0.
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also failing to provide evidence that vultures or other scav-
engers lead to contamination of carcass sites (Bellan et al.
2013b). Thus, it is difficult to make definitive conclusions
about the role of vultures in the epidemiology of anthrax,
apart from their benefit as an aid in carcass detection and
surveillance. More broadly, vultures provide a critical eco-
system service by removing decomposing organic material
from the environment, effectively reducing the risk of infec-
tious disease in humans and other animals (Markandya et al.
2008, Gangoso et al. 2013, Moleón et al. 2014).

A scarcity of obligate scavengers not only impacts the
montane ecosystem, but also affects wide swaths of the
continental U.S. located in endemic anthrax zones. Using
ENM-based predictions of B. anthracis distribution (Fig. 6A)
overlaid with relative abundance maps of turkey vultures
(yellow areas in Fig. 6B–D), we found much of North Da-
kota, South Dakota, Minnesota, Wyoming, Nebraska, and
Iowa have areas of anthrax risk and low or absent turkey
vulture populations. According to our most conservative
vulture cutoffs (Fig. 6B), West Texas is the only anthrax risk
area in the United States theoretically able to heavily rely on
turkey vultures as a surveillance tool.

West Texas is also home to one of the highest densities
of white-tailed deer in the United States (Quality Deer Man-
agement Association 2009), a species commonly implicated in
anthrax outbreaks (Kellogg et al. 1970, Hugh-Jones 1999,
Blackburn and Goodin 2013, Blackburn et al. 2014a). The only
other suitable area for anthrax with such a high white-tailed
deer density is Wisconsin (Quality Deer Management Asso-
ciation 2009), although anthrax is rarely reported in Wiscon-
sin. Likewise, the abundance of turkey vultures in Wisconsin
is low, with only our most liberal models (Fig. 6D) indicating
any overlap between B. anthracis suitability and vultures.

These areas of the Midwest United States with high B.
anthracis suitability likely have not suffered from vulture
population declines; in fact, from 1967 to 2004, BBS data
reflected an estimated average annual increase in turkey
vulture populations of 1.37% and in black vulture popula-
tions of 2.99% (Avery 2004). Rather, the breeding range of
turkey vultures is discontinuous in much of the western
United States and is very local or absent in portions of the
Great Plains (Stewart 1975, Johnsgard 1979, Janssen 1987,
Peterson 1995), either of which could explain their absence.

Conclusions

The increase in vultures in the United States is an anomaly.
Globally, obligate scavengers are experiencing large popu-
lation declines. Nine of 23 vulture species (39%) are classi-
fied as ‘‘Critically Endangered’’ (Buechley and Sxekercioğlu
2016). An additional three species are Endangered and four
are Near Threatened. Ultimately, regardless of whether a low
or absent vulture population is due to natural range limits or
ongoing population declines, the cascade of problems created
for anthrax prevention are the same: without vultures for
surveillance, it becomes more difficult to identify cases; less
cases are decontaminated; less decontamination allows more
bacteria to sporulate and contaminate the surrounding areas;
and consequently, outbreaks could become more frequent or
severe.

Areas with high B. anthracis suitability and a scarcity of
obligate scavengers should prioritize carcass detection and

decontamination efforts that go beyond opportunistic sur-
veys. Alternative methods of surveillance may include aerial
surveys via fixed-wing aircraft (Blackburn et al. 2014b), he-
licopter (Dragon et al. 1999), or drone (Tirado and Cano
2019) combined with the use of thermal imaging equipment
(Gates et al. 1995). Additional prevention and management
strategies could include vaccination of livestock, increased
education of stakeholders, restriction of movement of healthy
animals during outbreak periods, and collaboration between
private, state, and federal landholders.
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